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FOREWORD

These tests were authorized under Task 4C80-01-005-01,
Biological Aspects of CW Protection, and the Development Test Plan for Hood,
Field Protective Mask, E33 (U). The observations were made during August,
September, and October of 1960,
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DIGEST

The E33 hood attached to the M17 mask provides CBR protection
to areas of the head, neck, and shoulders not covered adequately by the
mask and the remainder of the CBR protective field uniform. The
physiological evaluation of the hood was undertaken with the objective of
measuring the increment in heat stress produced by the hood when added to
the protective assembly under conditions of moderately hard work in hot-
humid weather, and the contribution of sunshine to the heat stress. The latter
information is needed for determining laboratory conditions that will produce
heat stress comparable with that of outdoor conditions.

The conclusions are as follows:

1. The E33 hood adds measurably to the heat stress of the CBR
protective assembly. The added stress at an environmental temperature of
85°F is about two thirds that of sunshine and about one half that of an increass
in the marching speed from 2 to 3 mph.

2. The hood does not interfere with the performance of
muscular work of moderate intensity. In the hardest work, the voluntary
tolerance time is decreased about one fourth.

3. The heat strain in men working in CBR protective clothing at
a given temperature outdoors in the sun can be duplicated indoors at a rocom
temperature 10CF higher than the outdoor temperature.
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CONTRIBUTION OF THE E33 HOOD TO HEAT STRESS
ON MEN WEARING CBR PROTECTIVE CLOTHING

L. INTRODUCTION.

The hood, field protective mask, E331-3 is made of cloth with
an impermeable coating and covers the head and neck (figures 1 and 2). It
attaches to the M17 mask and continues into a skirt that fits over the shoulders
and is secured by straps that pass under the arms. The hood and mask form
part of the chemical, biological, radiological (CBR) protective assembly worn
by the soldier in the field in addition to the impregnated field uniform and
impregnated two-piece long underwear. The hood covers about 2 sg ft of the
neck and shoulders, not counting the areas covered by the mask and helmet.

The purpose of this work was to measure the increment in heat
strain produced by the hood when added to the protective assembly under con-
ditions of moderately hard work in hot-humid weather and to measure the
contribution of sunshine to the heat stress under the same conditions.

Precursors of the E33 hood were tested by Robinson and
Gerking in 19454 Subjects exercised at a metabolic rate of 164 Cal/sq. m/hr
and wore the herringbone twill jungle uniform with no mask, with mask, with
mask plus permeable hood, and with mask plus impermeable hood. At 86°F
and 80% relative humidity, the sweat production was 742, 815, 864, and
950 gm/hr, respectively. In 1948, Marzulli, Stubbs, and Craig5 compared
the permeable (E26R14) and impermeable (E10) hoods. The men were wear-
ing the two-layer permeable protective outfit plus the M9 mask and the steel
helmet at 85°F and 71% relative humidity at about the same metabolic rate as
given previously. 4 Under these conditions the sweat production was 1,200
gm/hr for the permeable hood and 1,190 gm/hr for the impermeable hood.
A difference between the two hoods of the size found by the earlier workers
was not detected because the helmet covered a large area of the head, and the
area covered only by the hood was small.

In tests with troops at Ft. McClellan, Alabama, in June and July
1959, one group wore the M17 protective mask and field uniform; another
group wore a two-layer permeable protective outfit including the M17 mask,
the E33 permeable hood, and long underwear. ‘The work was hard (handling
of smoke generators and o1l drums), temperatures were in the high 90's,
relative humidity was about 50%, and the men were exposed to the sun. Under
these conditicns the amount of work performed was less in the second group
than in the first.®



FIGURE 1

VIEW OF OUTDOOR SITUATION LOOKING NORTH

Treadmill is on 12% grade; forward man is wear-
ing hood; wind instrument stands at right, pyrheliometer
mounted on wooden frame stands at extreme left, motor-
driven psychrometer rests on table in shade, globe thermo-
meter hangs in sun




FIGURE 2

VIEW OF OUTDOOR SITUATION LOOKING EAST

Treadmill is ievel; rear man is wearing hood;
motor-driven psychrometer stands in foreground with
leads to recording instruments passirg through hole in
window



Some such effect might have been predicted from the results of
Robinson and Gerking. 4 However, the environmental conditions in Alabama

were more severe than those in the other tests cited, and the area of the
-shoulders covered by the E33 hood is greater than that covered by the hoods
tested earlier. Much of the decrease in work performance seen in Alabama
can be attributed to the underwear., Woodward and Cummings’ found a dis-
tinct increase in heat strain when long impregnated underwear was substituted
for a T-shirt and shorts in otherwise identical assemblies that included a pro-
tective mask, hood, and cotton gloves. The determination of the share of the
decrease in work performance attributable to the E33 hood remained an object
of the present test.

To set up comparable environmental conditions presented some
difficulty, as the outdoor temperatures at Army Chemical Center at the time
were 10°F or more lower than those in Alabama. While any temperature
could be obtained in the hot room, it was not known how to compensate for the
lack of sunshine indoors under the conditions of high humidity and protective
clothing. Previously, Adclph and Molnar8 measured the physiological
responses to exposure at a series of temperatures below 800F in the sun and
intthe shade of men at rest wearing a minimum of clothing. Shade tempera-
tures produced the same effects as sun temperatures about 12°F lower than
the shade temperatures. Also, Gosselin? measured the sweating rates of
men wearing herringbone twill fatigue uniforms walking in the desert at night
and during the day in the sun at temperatures ranging from 90° to 110°F. The
sunshine had the same effect as an increase in the temnperature at night of
about 109F.

We decided to use the test subjects as thermometers and, while
keeping the humidity constant, to vary the temperature in the hot room until
the same physiological response was obtained indcors and outdoors. The
increment in dry-bulb temperature required to compensate for the lack of
sunshine could then be added to the temperature reported from Albama. This
would establish the hot-room temperatures that could be expected to produce
physiological responses similar to those seen in Alabama.

The rate of heat storage in the body represents the difference
between the heat produced in metabolism and the heat lost from the body.
Heat storage is an index of physiological heat strain arising irom the stresses
of work, clothing, and environmental conditions of heat and humidity., Ileat
strain is manifested also by increases in sweat production and in frequency
of the heart beat. When the stress is too small to produce heat storage, pulse
frequency and sweating indicate the degree of heat strain. In present tests
the heat stress was great, and heat storage has been adopted as the most
useful index of physiclogical strain.



II. PROCEDURE.

The subjects were two college-educated enlisted men who
volunteered for this duty. In order to minimize variations in daily routine
that could be expected to modify their performance, they were relieved of all
other details and military assignments during the testing period. Their
physical characteristics are given in table 1. In the acclimatization period
before the collection of data was begun, P had 11 days and R had 7 days of
training with the clothing and the treadmill exercise at 859F, including 3 days
on the outdoor treadmill, Data were collected on 16 days outdoors at an
average temperature of 85°F. When the weather turned colder, the tests were
continued indoors for 4 days at 100°F, 8 days at 115CF, and finally, for 4 days
at 859F. The extra days at 1159F were used to repeat some incomplete
experiments and to try the effect of allowing the expired air to vent outside the
hood. In all the other tests, the expired air was vented inside the hood. The
tests was begun at 1300 hours, Eastern daylight time. On half the days the
men were scheduled to walk for 55 minutes at 3 mph on the level, take 5
minutes out for weighing, and continue in a second walk for 55 minutes at 3
mph on the level. On the other days the men were scheduled to walk for
55 minutes at 2 mph on the level, take 5 minutes for weighing, and continue in
a second walk at 3 mph up a 12% grade for 15 minutes.

TABLE 1

PHYSICAL CHARACTERISTICS OF SUBJECTS

Subject Height Weight Surface area Age Ethnic group
cm kg sq m yr
P 180 80 2.00 24 Caucasoid
R 175 72 1.86 24 Negroid

List 1 gives the clothing and associated equipment worn by the
subject. The total weight of clothing and equipment was 36 pounds. The hood
was worn on alternate days; each day one subject wore the hood and the other
did not. The outlet from the mask was into the hood.*

%* Inadvertantly the gloves were omitted, and when this was noticed it was
decided to keep on without them to avoid introducing a variable in the middle
of the series. Also, unintentionally, P's helmet liner had a glossy painted
surface and R's had a dull finish,




LIST 1

CLOTHING ASSEMBLY

Utility jacket, bloused

Utility trousers

Drawers, long’cotton and wool*
Shirt, underwear, long, cotton and wool*
Socks, wool, cushion sole
Mask, protective, M17

Helmet liner

Pistol belt

Pack, 20 pounds

Thermocouple supports, three
Rectal thermocouple catheter
Electrode supports, two

Combat boots

Rectal temperature was obtained with a copper-constantan thermeoe-
couple at a depth of 3 inches. The thermocouple was mounted in a catheter
gimilar to the one described by Davidzick, Harvey, and Goddard. 10 1t
remained in place without any additional support. Copper-constantan thermo-
couples made of 22-gage stranded wire were held against the skin with elastic
webbing at the front and back of the chest, hip, and above the knee.

* Laundered before each wearing. This underwear was not impregnated, but
was approximately equal in heat load to the cotton, special knitted under-
wear made protective by impregnation with CC,.

10



Minneapolis-Honeywell jacks and plugs with copper and constantan
elements were used to connect the subjects' cable with the cable leading to
the Leeds & Northrup Speedomax 16 point recorder. A thermocouple also
was attached to the outer surface of the head harness of the mask on top of the
~head.

Electrodes (appendix A) for recording the heart rate were held
against the skin with elastic webbing. Two electrodes were mounted one above
the other on the chest on separate straps. One of the straps also carried a
third electrode cff to the side.

The nose cup of the protective mask was connected with a Statham
pressure transducer (+0.5 psi) operated with a Sanborn strain gage amplifier.
The pressure tracing on the remaining two channels of the Sanborn recorder
permitted a count of respiratory frequency and gave notice indirectly of any
marked change in mask resistance during the run.

The men were weighed with a sensitivity of +£5 gm at about 75°F
sitting on a Buffalo platform scale nude and clothed, before and after the
day's work, and clothed after 55 minutes of work. The walk was usually
resumed after this weighing, which took 5 minutes. Sweat production was
determined from the nude weight loss and heat lost by evaporation from the
clothed weight loss.

Metabolic gas exchange was not measured routinely because of the
difficulty of connecting the apparatus to the M17 mask without modifying the
operation of the hood. However, the men were allowed to wear the M9Al
mask (to which connections are easily made) for the collection of expired air
on 3 days at 1009F outside the regular schedule. The expired air was
collected in a 600-£ Collins chain-compensated spirometer for 10 minutes
after 15 or 20 minutes of walking on the level at 2 or 3 mph, and for 5
minutes after 5 minutes of walking at 3 mph up a 12% grade. The spirometer
was read every minute; absence of a trend with time indicated that a steady
state had been reached. After it was mixed, the expired air was analyzed in
a Pauling paramagnetic oxygen meter. Oxygen consumption was estimated
from the expired minute volume and the inspired-expired oxygen difference
after correction for the vapor pressure of water and reduction to standard con-
ditions. The work rates for the three walk conditions are defined by the
oxygen consumption.

11




The cutdoor situation is illustrated in figures 1 and 2. The
treadmill was located outside the south &nd of building 357 with the men about
3 feet from the wall facing away from the sun 6° north of east. The rear man
did not shade the front man. The walking surface was 32 inches above the
asphalt pavement, Dry-bulb and wet-bulb temperatures were recorded using
copper-constantan thermocouples mounted in the shade in an air stream
moving at 1, 000 linear ft/min. The output of a 10-junction Eppley pyrhelio-
meter was recorded continuously to provide a measure of solar radiation and
an indication of the passage of clouds. The elevation of the ground was 17 feet
above sea level. A globe thermometer was mounted near the men and read at
intervals by inspection or by means of a thermocouple. The air within the
globe was stirred by a small electric fan, according to the suggestion of Hellon
and Crockford.!! The externally-mounted fan motor was insulated thermally
from the globe. Wind velocity and direction were monitored with a Signal
Corps AN-GMQ-12 wind measuring set with the sensing elements at the height
of the men on the treadmill. It would have been desirable to measure the
radiant exchange between the sky, the ground, and the wall and clothing sur-
face, had a fast radicmeter been available.

In the indoor situation, the men were at the same distance from
the nearest wall and from the ground as in the ocutdoor situation. The
walls were not heated independently; the variations in temperature of thermo-
couples at various points around the room are listed in table 1, appendix B.

Air movement indoors was measured 1 day at 85C0F with subject
F.N.C. on the treadmill by an Alnor thermoanemometer. The sensing
element was mounted at the end of a probe 10 inches long. The probe was
held in the hand in two vertical positions close to the body so that the sensing
element was at the level of either the head or the knee. The opening in the
probe for the sensing element was oriented either from front to back or from
side to side. Since the flow in the air conditioning system of the room did
not vary from one temperature setting to another or vary with cycling at one
getting, the readings of air flow in table 2, appendix B are considered
representative for the series.

III. RESULTS.

A, Experimental Conditions.

The metabolic rates for the three grades of work were 113, 177,
and 348 Cal/sq m/hr of body surface area (table 2). In the outdoor series,
the environmental temperature varied from 79° to 810F; the humidity (vapor
pressure of water) varied from 14 to 24 mm Hg. In the indoor series the
wet-bulb temperature was regulated to produce a vapor pressure at all three

12



OXYGEN CONSUMPTION INDOORS AT 100°F

TABLE 2

Dat Treadmill Minute volume Caloric

' a

Subject © speed/grade Respiratory | Oxvgen output

mph/ % 1 1 Cal/sq m/hr
RTPS STPD

r 10 Aug 2/0 21,6 0.87 126
R 10 Aug 2/0 16.8 0. 68 106
P 10 Aug 3/12 62.0 2.35 341
R 10 Aug 3/12 46, 2 1.97 307
P 11 Aug 3/0 23.5 1.08 157
R* 11 Aug 3/0 20.3 1.10 171
P 11 Aug 3/0 26.8 1.44 209
R 11 Aug 3/0 21.6 1.19 186
P 16 Sept 2/0 20. 4 0.80 116
R 16 Sept 2/0 14.7 0. 66 103
P 16 Sept 3/0 26.3 1.10 159
R 16 Sept 3/0 21.7 0. 97 151
p 16 Sept 3/12 62.3 2,73 396
R 16 Sept 3/12 52.2 2,32 346

% Without pack.

dry-bulb temperatures that would approximate the mean of the outdoor series.
Qutdoors there was no sustained wind as great as 0.5 mph except for one

day, 7 September, when the speed varied from 3 to 9 mph. Variations in
environmental conditions during any day were small except for those i1n cloud
A sample of the greatest changes was recorded on £ September
{figure 3). During a clear period in the first hour the highest sclar intensity
of the series, 1.35 gcal/sq cm/min, was recorded. During the second hour

a series of clouds passed over, indicated by fluctuations in the Eppley read-
ing. The air temperature and humidity were little affected, but the black
globe th~rmorneter flunctuated widely. The head temperatures reflected these

cover.

13
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GRAPI SHOWING TEMFERATURE AND SOLAR INTENSITIES RECORDED
IN QUTDOOR SITUATION ON 2 SEPTEMBER

Subjects P, without hood, and R, with hood, walked on the level
at 3 mph. Top line is solar intensity in gcal/sq cm/min as read on the
Eppley pyrheliometer: records below are temperatures in °F. Walk was
interrupted for weighing indoors for 5 minuates at W,
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fluctuations, the more so in the subject not wearing the hood. The mean skin
temperatures may have been influenced at times, but the correlation is less
obvious. The rectal temperatures appeared to be unaffected. Differences
between the helmets mentioned in section Il appeared to have no effect on the
head temperatures. Detailas of the environmental conditions are given in
table 3, appendix B.

B. Heart Rate.

For examination of the heart rate, the mean of the readings at 5-
minute intervals was chosen. The grade of work increased the mean heart
rate from 107 at the lowest to 175 at the highest; the change in indoor tempera-
ture from 859 to 115°F produced an increase of 24 beats per minute at 2 mph
and 23 beats per minute at3 mph on the level. In contrast to these changes,
there was an average increase of only 4 beats per minute because of the hood.
There was an increase of 17 beats per minute from the first to the second walk
outside at 3 mph. At 3 mph and 12% grade, the effect of indoor temperature
was small, The mean heart rate was no greater outdoors than it was inside
at 859F. Detailed data are given in table 4, appendix B.

C. Body Weight.

Outdoors the hood had the effect of adding about 200 gm to the sweat
production as measured by the nude weight loss. The indoor data do not lend
themselves to such a categorical statement because many of the walks were
not completed. Detailed weight data, together with reasons given by the men
for stopping early, are given in table 5, appendix B. The latter were mostly
related to breathing; indications of muscular fatigue in the legs were given in
three of the grade walks.

In the level walks outdoors, evaporation through the clothing
assembly measured by clothed weight loss was reduced by wearing the hood,
by an average of 35 gm for the 2-mph walk and 92 gm for the 3-mph walk. The
gain in weight of the clothing due to unevaporated sweat was increased Wwhen
wearing the hood by about 300 gm.

D. Body Temperatures.

The body temperatures are summarized in table 6, appendix B,
The skin temperature 1s the unweighted average of the thermocouples on the
chest, back, hip, and knee. The data for the thermocouple on the head harness
are listed with the environmental conditions (table 3, appendix B). The means
for skin and rectal temperatures were derived from observations at 5 minute

15



intervals except in the second walk at > mph on the level {3/0), when they
were derived from readings at 0, 5, 15, 30, 45, and 55 minutes. Mean body
temperature was calculated for each time of observation from the skin and
rectal temperatures, weighted one third and two thirds, respectively, In a
typical outdoor experiment, figure 3, the variations in environmental con-
ditions duringatestwere reflected to some extent in the body temperature
measurements, The data for both men (with and without hoods) were pooled in
figures 4 and 5 to simplify comparison of the indoor temperature and exercise
conditions. During the first 15 br 20 minutes, the skin temperature rose
rapidly while the rectal temperature changed little or decreased 1 or 2 tenths
of a degree, After this the body temperatures increased atia more or less
steady rate in the level walks; an interruption was provided by the weighing
period. For reasons discussed below, the rise in mean body temperature was
selected as the best index of the physiological effect of the experimental con-
ditions of clothing and environment. From’the plots of mean body tempera-
ture against time for individual tests, the best slopes were fitted by eye; the
first 15 minutes of the level walks were ignored. In the first level walks the
hood produced an increase in slope ranging from 0.16° to 0.55°F per hour
with a mean of 0. 36°F.

In view of Gosselin's results, 9 a linear relation was assumed
between the air temperature (x = motor psychrometer dry-bulb temperature in
table 3, appendix B) and rise in mean body temperature (y) in table 3,
appendix B. The least squares relation was calculated from the data for each
man without regard to the hood (N, number of observations, = 6). The slopes
defined by the equation

y =¥ =Db(x-x)

with 95% confidence limits, are listed in table 3. The square of the coefficient
of correlation (r} represents the variance caused by x. ¥rom these equations
is calculated the temperature required to produce the same rise in mean body
temperature as was obtained outdoors at the mean outdoor dry-bulb tempera-
ture 1n table 4. The difference between these indoor-and outdoor temperatures
represents the thermal stress of sunshine and has an average value of 9. 5°F
for the four conditions indicated in table 3.

The ranges of day-to-day variation in outdoor environmental con-

ditions were 12°F in dry-bulb temperature,l0 mm Hg in water-vapor pres-
sure, and 0,68 cal/sq cm/min in solar intensity read on the pyrheliometer.

16
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When the slope of mean body temperature in the outdoor tests was plotted
against any one of these variables, there was little correlation on inspection.
The coefficient of correlation between rise in mean body temperature and
dry-bulb temperature was calculated for R and P at 2 and 3 mph. The values
of r were 0.29, 0.58, 0.62, and 0.70, respectively. Accordingly, day-to-
day physiological variation was not distinguishable from the variation pro-
duced by the environmental conditions. Fortunately, in the 2-mph walks,
outdoor temperatures varied little between days with hood and days without
hood. The effect of the hood was evident in the means for each subject. In the
3-mph level walks (table 3, appendix B) one set of days was warmer and more
humid than the other, with the result that the effect of the hood on the rise in
mean body temperature was exaggerated in subject R and nullified in subject
P. In subject P, the cooler days with the hood produced the same average
slope as the warmer days without the hood. This in itself indicates that the
hood in this instance had about the same effect as a 4°F increase in dry-bulb
temperature combined with an increase in vapor pressure of 3 mm Hg.

E. Walking Time.

The duration of the walk (table 5, appendix B) is a subjective
measure of the total stress. OQutdoors, all of the first 55-minute walks were
completed. Of the grade walks, P failed to complete one with and one with-
out the hood, and R failed to complete two walks with the hood; of the second-
level walks, P failed to complete two without the hood and one with the hood,
and R failed to complete two with the hood. Outdoors, therefore, the effect of
the hood was not distinct. Indoors, each subject walked about three fourths as
long with the hood up the 12% grade at all temperature conditions, and the

average time decreased with an increcase in the temperature. At 3 mph on the
level, both subjects failed to complete the second walk with hood at 850 and
100°F, and at 1159F, P failed to complete the first walks and walked a shorter
time with than without the hood. The notes in table 5, appendix B suggest that
P was weakened by a head cold at 1159F that made breathing a problem and

at 850F, the final condition in the sequence, the men were suffering from

an accumulation of difficulties not related to the hood. The indoor grade walks,
therefore, give a better indication of the degradation of performance by the
hood than the indoor level walks. Since the rise in body temperature

(table 3, appendix B) was less in the grade walks with than without the bood,
we must look elsewhere for an explanation. An obvious possibility is
expiratory pressure; the test on this factor {given below} showed that elitmina-
tion of extra expiratory pressure from the hood did not improve performance.
Also, there is no explanation for the appearance of a degradation of perform-
ance indoors unless perhaps the passage of time decreased motivation

indoors.
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F, Hood Pressurization.

Two days at 115CF, 29 and 30 September, were devoted to a
comparison of the effects of the pressurized and the unpressurized hood (tables
3-6, appendix B). The hood is pressurized during expiration in the sense that
the expired air is normally vented into it; when the outlet of the mabk is not
covered by the hood, the hood is unpressurized. The head of pressure has not
been standardized because it is set by the wearer when he tightens the draw-
string around the neck. In the present tests, the uncovering of the outlet valve
did not improve performance in the grade walks and did not alter the
physiological data significantly. During the level walks at 2 mph, pressuriza-
tion increased the frequency of breathing, decreased the pressure during
inspiration, and increased the pressure during expiration, all by small amounts
(table 5).

G. Clothing Temperatures.

In the analysis of the data on evaporation through the clothing,
information was desired on the temperatures of the various layers of the
assembly. Two additional tests were made with another subject, ¥. N. C,,
walking on the level indoors at 1159F with a vapor pressure of 21 mm Hg. The
clothing itemized in list 1 was worn except for the headgear and pack. Thermo-
couples were applied to the skin in the same positions as in the main series of
tests on the front and back of the chest and the hip, but for convenience the
fourth was applied to the upper arm instead of the knee. Three sets of thermo-
couples were sewn into the clothing immediately over those on the skin. On
7 December, the treadmill speed was 2 mph and the extra thermocouples were
located on the outer side of the underwear and the inside and cutside of the
jacket. On 9 December, the treadmill speed was 3 mph and the extra thermo-
couples were located on the inside and outside of the underwear and the outside
of the jacket. Extra layers of clothing covered the thermocouples in the hip
position. The undershirt was tucked into the drawers and the jacket was
tucked into the trousers. The clothed weight loss, nude weight loss, and gain
in weight of clothing were 371, 790, and 419 gm, respectively, on 7 December
and 388, 1,136, and 748 gm, respectively, on 9 December. On 9 December,
the gain in weight of the jacket was 81 gm and that of the undershirt was
301 gm; this indicates that the unevaporated sweat was mainly in the under-
wear layer, The temperatures of selected locations are plotted in figure 6.
Within 20 to 30 minutes, the temperature of the undershirt had fallen below
that of the skin. The greatest difference was more than 3°0F. Similar
observations were made at 85CF (table 4).
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